Along the French Mediterranean coast, a complex of eight lagoons underwent intensive eutrophication over four decades, mainly related to nutrient over-enrichment from continuous sewage discharges. The lagoon complex displayed a wide trophic gradient from mesotrophy to hypertrophy and primary production was dominated by phytoplankton communities. In 2005, the implementation of an 11 km offshore outfall system diverted the treated sewage effluents leading to a drastic reduction of anthropogenic inputs of nitrogen and phosphorus into the lagoons. Time series data have been examined from 2000 to 2013 for physical, chemical and biological (phytoplankton) variables of the water column during the summer period. Since 2006, total nitrogen and phosphorus concentrations as well as chlorophyll biomass strongly decreased revealing an improvement in lagoon water quality. In summertime, the decline in phytoplankton biomass was accompanied by shifts in community structure and composition that could be explained by adopting a functional approach by considering the common functional traits of the main algal groups. These phytoplankton communities were dominated by functional groups of small-sized and fast-growing algae (diatoms, cryptophytes and green algae). The trajectories of summer phytoplankton communities displayed a complex response to changing nutrient loads over time. While diatoms were the major group in 2006 in all the lagoons, the summer phytoplankton composition in hypertrophic lagoons has shifted towards green algae, which are particularly well adapted to summertime conditions. All lagoons showed increasing proportion and occurrence of peridinin-rich dinophytes over time, probably related to their capacity for mixotrophy. The diversity patterns were marked by a strong variability in eutrophic and hypertrophic lagoons whereas phytoplankton community structure reached the highest diversity and stability in mesotrophic lagoons. We observe that during the re-oligotrophication process in coastal lagoons, phytoplankton shows complex trajectories with similarities with those observed in freshwater lake systems.
Introduction 42
Eutrophication has been defined as a suite of adverse symptoms resulting from the nutrient 43 and organic inputs (De Jonge and Elliott, 2011) . High biomass decreases light availability, 44 favoring among the primary producers the community that is most competitive for light, i.e., 45 phytoplankton at the expense of macrophytes (Cebrian et al., 2014) . This over-production 46 causes a loss of diversity (Schramm, 1999 ; de Jonge and de Jong, 2002), habitat destruction 47 and mortalities due to anoxia (Smith, 2006; Carlier et al., 2008) . These phenomena negatively 48 impact ecosystem health, result in increased vulnerability to disturbances (Heemsbergen et al., 49 2004; Worm and Lotze, 2006 ) and loss of ecosystem services (Bullock et al., 2011) . In coastal 50
areas, which are characterized by strong demographic growth, eutrophication has become a 51 serious threat since the 1950s (Nixon, 1995) . Coastal lagoons are particularly sensitive to 52 eutrophication, since these systems tend to concentrate anthropogenic nutrient inputs 53 (Knopper, 1994; Cloern, 2001 ; Kennish and Paerl, 2010) due to restricted exchanges with the 54 sea and long water residence time (Boesch, 
79
A functional approach to phytoplankton ecology appears particularly useful to study the 80 adaptive responses of phytoplankton communities to re-oligotrophication. This approach is 81 based on defining the functional traits of species that impact on their performance and 82 survival (Violle et al., 2007) and, thus provides a better understanding of how phytoplankton 83 communities respond to environmental changes. The functional approach has been used to 84 understand how environmental changes or gradients drive phytoplankton community structure 85 (Litchman et al., 2010) . Some morphological and physiological traits particularly reflect the 86 M A N U S C R I P T (Table 2 ). The lagoons also presented a trophic gradient, from mesotrophy (IN, IS) to 266 hypertrophy (MW) based on the Chl a and total nitrogen and phosphorus concentrations (TN, 267 TP). Based on the entire period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , median values of chlorophyll ranged from 3.7 268 µgChla.L -1 at IS to 83.1 µgChla.L -1 at MW, and median values of TN and TP ranged from 269 30.7 and 0.9 µM, respectively at IS to 196 and 12.4 µM, respectively in MW (Table 2) 
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Changes in eutrophication indicators before and after effluent diversion 286
The TN, TP and chlorophyll a concentrations showed strong variations during the entire 287 period, which were partly related to the changes before and after effluent diversion. These 288 three variables decreased significantly after the nutrient diversion for all the lagoons (Table  289 3), showing a decrease of the eutrophication permitted by the implementation of the 290 (Table S1) . 302
The first group was characterized as hypertrophic and included three lagoons (AR, GR and 303 both stations (ME and MW) of Méjean lagoon). The second group was characterized as 304 eutrophic and comprised three lagoons (PB, VC and both stations (PE and PW) of Prévost 305 lagoon). The third group was characterized as mesotrophic and comprised two lagoons (IN 306 and IS). Within each group, the lagoons showed a similar response to the nutrient reduction 307 (i.e. no significant effect of lagoons within groups according to the Anova and posthoc test, p-308 value > 0.05). Hence, we selected one station in each group to illustrate the impact of trophic 309 status on the lagoon responses to the re-oligotrophication process. For each group, we chose 310 stations in inland lagoons under the direct influence of watershed discharges and more 311 sensitive to potential nutrient loadings than the seafront lagoons. Hence, MW, VC and IN 312 stations were selected to represent the hypertrophic, eutrophic and mesotrophic inland 313 lagoons, respectively. 314
The impact of the trophic status of the selected lagoons on the phytoplankton responses to the 315 re-oligotrophication process was investigated by comparing Chl a concentrations (Fig. 2) and 316 picoeukaryote and nanoeukaryote abundances (Fig. 3) before and after the diversion. Chl a 317 concentrations were significantly reduced (mean comparison all lagoons, p < 0.05) with a 318 decrease of 90.4%, 65.4 % and 79.9 % in the hypertrophic (MW), eutrophic (VC) and 319 mesotrophic (IN) lagoons, respectively (Fig. 2) . Picoeukaryote abundances were reduced by 320 60.5% and by 81.8 % in hypertrophic (MW), and mesotrophic (IN) lagoons, respectively (Fig.  321 3). In contrast, in the eutrophic lagoon (VC) for picoeukaryotes the difference before and after 322 the diversion was not significant (mean comparison, p-value > 0.05, see 2010 (6 groups). The low diversity during these early years reflected that the community was 395 dominated by diatoms, green algae and cryptophytes. Some differences of the richness also 396 appeared depending on the trophic status of lagoons. It was lower in hypertrophic lagoons 397 than in mesotrophic ones, and lower in mesotrophic lagoons than in eutrophic ones. Pooling 398 all years, there was a significant higher diversity (Shannon diversity index 
Lagoons trajectories based on pigment diversity 426
In order to study whether the patterns observed for the selected stations are robust for the 427 entire Palavasian lagoon complex, multifactorial analyses were performed using accessory 428 pigment database from the 10 stations of the complex for the 8-year monitoring. It was 429 observed that pigment composition (concentration and diversity) significantly changed among 430 stations (Permanova, F = 5.29, df = 9, p-value = 0.001), and years (Permanova, F = 4.49, df = 431 7, p-value = 0.001). Moreover, the interaction between the two factors also showed a 432 significant effect (Permanova, F = 1.54, df = 59, p-value = 0.001), indicating that the temporal 433 patterns were different among stations. The principal component analysis (PCA) was used on 434 both lagoon stations (Fig. 7) and years ( 
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The first PCA showed differences between lagoons (Fig. 7) . The first axis explained 71% of 439 the total variance, and was mainly driven by pigments markers of the green algae (lut, neo, 440 chl b, viola and zea), prasinophytes (prasino), diatoms (fuco, chl c2, diadino), associated with 441 total biomass. The second axis explained 16.5% of the total variance and opposed pigments 442 markers of dinophytes (peri) and cryptophytes (allo) in positive against pigment marker of 443 haptophytes (Hfuc) in negative (Fig. 7A) . The first axis is correlated with pigments that are 444 characteristic for the phytoplankton groups which are enhanced by eutrophication (i.e., green 445 algae, diatoms) and a marker of eutrophication (Chl a). The position of the center of gravity 446 of the ten stations in this projection showed two groups of stations: the three most eutrophic 447 stations (ME, MW, GC) strongly separated from the other ones (Fig. 7B-C The second PCA showed differences between years (Fig. 8) . The first axis explained 73% of 464 the total variance, and was mainly driven by the pigment estimating total phytoplankton 465 biomass (Chl a), pigment markers of diatoms (fuco) or mostly abundant in diatoms (diadino, 466
Chl c2), and pigment marker of prasinophytes (prasino). The second axis explained 17% of 467 the total variance and was mainly driven by pigment marker of cryptophytes (allo) and green 468 algae in positive, opposed to pigment marker of dinophytes (peri) and haptophytes (19'Hex-469 fuco) (Fig. 8A) . The vectors of the pigment markers of cryptophytes and dinophytes were 470 opposed in the first two planes of the PCA (Fig. 8A) . The projection of the pigment 471 composition of the ten stations showed that 2006 differed from other years by a stronger 472 concentration of the pigments driving the first axis (Fig. 8B) . The phytoplankton biomass was 473 still high in summer 2006, six months after the diversion (Fig. 4) , and diatoms were the main 474 group in the ten stations, with a higher fucoxanthin concentration compared to the other 475 
Phytoplankton chlorophyll biomass in heavily eutrophied lagoons 494
Before the reduction of the nutrient loadings, the 'Palavasian' lagoons were strongly degraded 495 by regular inputs of nitrogen and phosphorus from treated sewage. The most hypertrophic 496 lagoons Méjean and Grec presented Chl a concentrations close to those found in hypertrophic 497 lakes (Jeppesen et al., 1998; Bell and Kalff, 2001 ). In these lagoons, phytoplankton was the 498 major primary producer, with excessive blooms leading to a complete loss of seagrasses 499 communities and low macroalgal cover probably due to competition for light. Eutrophic 500 symptoms associated to water quality degradation in Palavasian lagoons can be illustrated by 501 the succession of primary producers (Schramm, 1999; Bricker et al., 2008) , ranging from a 502 moderate impact, with presence of some macroalgae and seagrasses (IN and IS), to more than 503 the high impact, i.e., dense phytoplankton without macroalgae (ME, MW, GC). The 504 phytoplankton dominance may be related to its strong capacity to compete for dissolved 505 nutrients and light (Cebrian et al., 2014) . 506
After the implementation of the diversion, TN, TP and Chl a biomass responded quickly by a 507 strong decrease within two years after the nutrient reduction, whatever the prior trophic status 508 of the lagoons. Although such a decrease has already been observed during re-509 lagoons also seems to be promoted by low salinities (Bonilla et al., 2005) . 595
Cryptophytes were present in high proportions in the Palavasian lagoons where they can 596 respond quickly to nutrient loads due to their high growth rate (Paerl et al., 2003) . In 597 mesotrophic lagoons, it allowed them to be more competitive than picoeukaryotes that were 598 less abundant. This taxonomic group is well adapted to turbid and low light environments 599 such as coastal and estuarine waters due to photoacclimation (phycobilins and alloxanthin 600 pigments) to low light intensities (Bergmann, M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
